s oscillation is of great importance, which is governed by a Schrödinger equation
with the mass matrix M s and the decay matrix Γ s . The mass and the width differences between the light and the heavy B s mass eigenstates (B L and B H ) are
with the phase φ s = arg(−M 
where N Within the SM, the theoretical evaluations for these quantities have been fully studied [1, 2, 3] . The recent updated SM predictions for the mass and the width differences are ∆M s = (19.30 ± 6.68)ps −1 and ∆Γ s = (0.096 ± 0.039)ps −1 [2] , which agree well with the CDF Collaboration result for ∆M s [4] and Heavy Flavor Averaging Group (HFAG) averaged data for ∆Γ s [5] ∆M s = 17.77 ± 0.10 ± 0.07 ps
∆Γ s = 0.154 
respectively. While, some recent measurements of CP violating observations in B s mixing system present some anomalies, which may be the hints for new physics (NP) and motivate the search for new source of CP violation.
One of the hints for the existence of new CP violating source in B 0 s −B 0 s system is an unexpected large CP phase in the mixing-induced CP asymmetry for B s → J/ψφ measured by CDF [6, 7] and D0 [8, 9] Collaborations. Averaging the data from CDF and D0, two possible solutions ( named S1 and S2 for convenience) for the CP phase φ J/ψφ s 1 are given by HFAG [5] 
However, within the SM, the CP violating phase is predicted to be small
which deviates from experimental data by more than 2.5σ.
Another hint for new source of CP violating is the recently observed anomalously large CP-violating like-sign dimuon charge asymmetry in semileptonic B hadron decays reported by D0 Collaboration [10] . Using the data corresponding to 6.1f b −1 of integrated luminosity, D0
Collaboration reports the result [10] A b sl = (9.57 ± 2.51(stat) ± 1.46(sys)) × 10
which differs by 3.2σ from the SM prediction (−2. 
Using the known experiment value a d sl = (−4.7 ± 4.6) × 10 −3 [5] , Eq. (9) leads to a s sl = (−14.6 ± 7.5) × 10 −3 [10] . Combining CDF Collaboration measurement of A b sl [12] and D0 Collaboration direct measurement of a s sl [13] , one can get the average value 
where the new effective chiral b − s FCNC tensor couplings g T 1 and g T 8 are generally complex and could be written as
Using the color-singlet operators basis introduced in Ref. [18] , the effective Lagrangian Eq. (14) could be rewritten as
through the Fierz identity
where
Then, including both the SM and the tensor operators contributions, the full expression of the effective Hamiltonian for ∆B = ∆S = 2 transition at m b scale could be written as
where 
For convenience, in the following we will absorb the factor
into the effective couplings parameters g T 1 and g T 8 . The Renormalization Group (RG) evolution of these Wilson coefficients from the µ W scale down to µ b scale have been fully developed in Ref. [18] . With the NLO η factors given by Ref. [18] , the explicit expressions for the Wilson coefficients at µ b scale are [18] 
The hadronic matrix elements corresponding to the operators in Eq. (18) could be parameterized
Finally, in terms of the effective Hamiltonian given in Eq. (18), the off-diagonal M s 12 in the f Bs = (0.231 ± 0.015) GeV ,
B s mass matrix is given by
where the first term is the SM contribution for M s 12 and could be rewritten as [1] 
In the SM, the off-diagonal element of the decay matrix Γ Table 1 , we now proceed to present our numerical analyses and discussions.
Including all of the theoretical uncertainties, our results of the SM predictions are listed in 
It is found that the contributions of the tensor operators A NP pars. Case A Case B S1 S2 S1 S2
SM prediction agrees well with the experimental data. Therefore, combining the constraints from φ J/ψφ s , a s sl and ∆M s , the NP parameter space is restricted very much. So, in order to evaluate the possible strength of the NP effects, we shall perform a detailed numerical analysis in the following.
Due to the cancelation between the contributions of A RR T 1 and A RR T 8 , which can be found in Eqs. (31) and (32), tensor couplings g T 1 and g T 8 are hardly to be well bounded without any further simplification. In order to evaluate their respective effects, our following calculations and discussions are divided into two simplified color scenarios named case A and case B, which correspond to with only color-singlet or -octet tensor operator considered, respectively. In each case, our fitting for the tensor couplings is performed with the experimental data on φ J/ψφ s , a s sl and ∆M s within 1.68σ (about 90% C.L.) as constraints and the theoretical inputs allowed within their respective uncertainties listed in Table. 1. As for the observable ∆Γ s , due to its weak constraint on the tensor couplings with its large experimental error bar, we leave it as our prediction, which could be tested by the refined measurement in the forthcoming years.
The allowed regions of the tensor couplings parameters |g T 1,T 8 | and φ T 1,T 8 in the two cases under the constraints from φ J/ψφ s , a s sl , ∆M s and their combination are shown in Fig. 2 , and the corresponding numerical results are listed in Table 3 , where the two solutions S1 and S2 correspond to the two experimental results of φ J/ψφ s given in Eq. (6). Our theoretical results for the observables are summarized in Table 2 . Table 2 . We find our result of φ J/ψφ s agrees well with the measurement within 1σ. Meanwhile, a s sl is enhanced to the experimental level by the contributions from A RR T 1 , but it also deviates from the experimental data by about 1.1σ, which is easily understood through the following analysis.
From Eqs. (2) and (3), one can obtain Table 2 is smaller than the SM result 
One may find that the CDF result is much smaller than the D0 measurement, but close to our result (5.9 ± 4.7) × 10 −2 ps −1 . The combination of CDF and D0 measurements is not available until now, which will be very important for further constraining the parameter space. 
Case B: only color-octet operator
In this case, we consider the NP contributions induced by color-octet tensor operator solely.
Our fitting results for the tensor parameters φ T 8 and |g T 8 | are listed in the fourth and the fifth columns of Table 3 and shown in Fig. 2 given by CDF and D0 measurements.
So far, it is unknown that these tensor operators with coupling and weak phase determined in this letter could be generated in which realistic NP models. It surely deserves further studies. It is noted that the error bars in the measurement of ∆Γ s , φ J/ψφ s and a s sl are very large, which hinder us from deciphering color-singlet or color-octet tensor operator responsible for the anomalies. With the running LHC-b experiment, the refined measurements of these observables are expected to confirm or refute the NP effects.
